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of setae in the moss Haplocladium angustifolium 
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Since the success of the regeneration experiment of setae in moss was 
reported by Campbell (1905) and Marchal and Marchal (1907), studies on 
the regenerated moss plants were carried out by several investigators. In 
the course of his genetic studies in mosses, Wettstein (1923, 1924a, 1924b, 
1925, 1928) obtained many kinds of polyploid series by use of the regen¬ 
eration of setae in Funaria hygrometrica, Physcomitrium pyriforme, its inter¬ 
generic hybrid, and some other species. Redfearn and Meyer (1949) 
investigated in Physcomitrium turbinatum the effect of position of the 
regeneration of setae. In these papers anatomical observations of the 
regenerating cells were not reported. 

We found a moss, Haplocladium angustifolium, which showed a high 
rate of regeneration of setae. The purpose of the present investigation is 
to observe the regeneration of setae in this moss with respect to the 
relationship between the regeneration and the polarlity of seta segments, 
the seta tissues from which the protonemata develop, and the cytological 
features of the development of protonema. 

Materials and methods The materials of Haplocladium angustifolium 
(Hampe et C. Muell.) Broth, were collected at Hiroshima-city, Hiroshima 
Prefecture, and Kitsuki-city, Oita Prefecture. For the experiments of 
regeneration of setae, relatively young setae of about 10-15 mm long were 
used. These setae were excised at the basal ends just above the foots 
and at the upper ends just below the capsules, and the median parts were 
used for cultures. A modified Burgeff’s solution, in which the concentration 
was ten times higher than in original solution, was used in the present 
culture. The segments of setae were washed well with sterilized water 
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Fig. 1. Regeneration of setae in Haplocladium angustifolium. A. Cross section of seta. 
xlOO. B. Longitudinal section of seta, x 100. C. Cross section of regenerating seta 
(10 days cultures); Arrow shows a protonema developed from tissue. xlOO. D. Seta 
segment regenerated in both ends (35 days cultures). xlO. 
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and were kept onto filter papers permeated with the nutrient solution in 
petri dishes. Cultures were maintained at 25°C under fluorescent lighting 
(200-300 lux). 

Results (1) Regeneration rate and polarity in regeneration. After 
10 days culture, the protonemata began to develop from the upper ends of 
seta-segments, but we did not observe protonemata developed from the 
basal ends of segments. After 20 days culture, however, the development 
of protonemata from the basal ends was also observed in some of the 
segments which had produced protonemata from the upper ends (Fig. ID). 

The mode of regeneration of setae (35 days after the start of cultures) 
is shown in Table 1. Of 133 seta-segments cultured, regeneration occurred 
in 113 segments (85%). This regeneration rate in Haplocladium angustifolium 
was remarkably high compaired with that of other mosses reported by 
previous workers. Of 113 segments 42 (31. 6%) were regenerated from only 
the upper ends and the remaining 71 (53.4%) from both upper and basal 
ends. There was no segment regenerated from only basal ends. 

(2) Protonema development. The cross section of the setae of Haplo¬ 
cladium angustifolium is shown in Fig. 1A and its longitudinal section in 
Fig. IB, respectively; i. e., the two or three peripheral cells were the 
layers consisted of thick-walled cells; the interior region was composed 
of thin-walled parenchymatous cells. 

When the seta segments were cultured in the nutrient solution, both 
ends of the segment changed color gradually from green to dark- 
brown. The protonemata were found to be developed from the interior 
parenchymatous cells in these dark-brown parts (Figs. 1C, ID). The mode 
of the development of protonemata is shown in Fig. 3. At the beginning 


Table 1. Regeneration of setae of Haplocladium angustifolium 
(35 days culture) 


Position of regeneration 
in seta segment 

No. of seta segment 
regenerated 

Regeneration rate 

(X) 

Both upper and basal ends 

71 

53.4 

Only upper ends 

42 

31.6 

No regeneration 

20 

15.0 

Total 

133 

100.0 
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Fig. 2. Regeneration of setae in Haplocladium angustifolium (10 days culture). A. 
Development of protonema from seta (arrow). x300. B. Protonemata developed from 
the short side of seta cells (arrows). x900. C. Protonema developed from the long 
side of seta cell (arrow). x900. 













February 1976 


Journ. Jap. Bot. Vol. 51 No. 2 


49 



Fig. 3. The process of the regeneration of setae in Haplocladium angustifolium. 


of the development the parenchymatous cells showed signs of increase in 
volume. From these increased parenchymatous cells protonemata were 
formed. The protonemata were found to develop from the apical end of 
these parenchymatous cells (Figs. 2A, B, 3B). However, it was also found 
that prototemata developed from the lateral side of the parenchymatous 
cells (Figs. 2C, 3B 7 ). The protonemata continued an apical growth. The 
cells of protonemata developed from setae were terete in their shape and 
connected by slanting septa. They formed many ellipsoidal chloroplasts. 
These characteristics of cells and chloroplasts were similar to those of 
caulonemata in the regular protonemata developed from spores. 

Discussion Wettstein (1923, 1924, 1925) stated that the regeneration 
of setae were observed only at the young-upper ends of segments and not 
at the old-basal ends. On the other hand, Redfearn and Meyer (1949) 
reported regeneration from besal ends, though it was rare. In the present 
investigation using Haplocladium angusti folium, the protonemata were 
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observed to develop from both upper and basal ends. In this material it 
was also found that protonemata developed at first from upper ends of seta- 
segments and subsequently from basal ends. When regeneration of seta 
was observed in only one end of a segment, it took place always in the 
upper one. This suggested that the ability of regeneration of seta is 
related to the age of the tissue. 

With regard to the regeneration of leaves in Brothera leana, Noguchi 
and Furuta (1958) mentioned that no regeneration was found in unwounded 
leaves. The regeneration of Haplocladium setae in the present study 
was also observed in only the parts of setae wounded by cutting. In 
the regeneration, protonemata were found to develop from the internal- 
parenchymatous cells of seta tissues. Redfearn and Meyer (1949) reported 
that protonemata developed also from epidermis of setae in addition to 
the internal parenchyma, while the authors did not observe such a case. 

The authors are grateful to Dr. H. Ando, Hiroshima University, for 
the identification of the materials studied. 
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